Iron can accumulate in the liver under a variety of conditions, including systemic iron-loading, some types of hepatitis and alcoholic liver disease[@r1]. Hemochromatosis is a well-known congenital metabolic disorder disease in which iron accumulates predominantly in liver parenchymal cells in the early phase and subsequently in liver Kupffer cells, the pancreas, the heart, endocrine glands and so on[@r2]. It is clear that the fundamental abnormality existing in this condition is excessive absorption of iron in the duodenum.

In a toxicological study, we recently encountered a female rat at 7 weeks of age with iron overloading in the liver. Because this animal was a control fed a normal diet, the abnormality was presumed to be spontaneous. There has only been one previous article documenting spontaneous iron loading in rats[@r3]. According to that report, iron deposition began to be observed in animals around 9 weeks of age at very low incidences (0.07% in males and 0.56% in females). Here, we describe the characteristics of the changes seen in a young animal.

![A liver preserved in formalin solution. Note the reddish brown coloration.](tox-22-199-g001){#fig_001}

###### Hematology
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###### Blood biochemistry
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The 4-week-old female BrlHan: WIST\@Jcl(GALAS) (SPF) rat was purchased from Charles River Japan Inc. as one batch of breeding to be utilized for a 2-week feeding toxicological study. The animal was housed with one cage mate in a suspended aluminum cage with a stainless-steel wire-mesh front and floor. The room temperature and relative humidity were controlled at 22--26°C and 40--70%, respectively. The room air was changed 10 or more times per hour. Fluorescent tube lighting was employed to provide a 12-hr light/12-hr dark cycle (lighting period, 0800--2000). After a 7-day period of quarantine and acclimation, this animal was assigned to the control group and fed the control diet, CRF-1 (Oriental Yeast, Co. Ltd., Japan). After the 2-week treatment period, the animal was killed under ether anesthesia along with the other animals and subjected to a complete necropsy. The organs removed were fixed in 10% neutral buffered formalin solution. Routinely prepared paraffin embedded sections were stained with haematoxylin and eosin for light microscopic examination. A liver section was also stained with Berlin Blue for hemosiderin. Pieces of liver, originally fixed in 10% neutral buffered formalin solution, were refixed in 2.5% glutaraldehyde solution, post-fixed in 2% osmium tetroxide, dehydrated and embedded in epoxy resin for transmission electron microscopic examination. Ultrathin sections were stained with uranyl acetate and lead citrate. This experiment was performed in accordance with The Guide for Animal Care and Use of Sumitomo Chemical Co., Ltd.

![The liver tissue shows uneven positive staining with Berlin Blue. a. H.E staining, b. Berlin Blue staining.](tox-22-199-g002){#fig_002}

![Very fine yellowish brown pigments showing a positive reaction with Berlin Blue stain are apparent in hepatocytes. The pigments in the cytoplasm are close to bile canaliculi, with a diminishing periportal-to-centrilobular gradient. a, c. H.E stain. b, d. Berlin Blue stain.](tox-22-199-g003){#fig_003}

There was no evidence of any abnormal condition in this animal in regard to clinical observations, body weight, food consumption, hematology ([Table 1](#tbl_001){ref-type="table"}), blood biochemistry ([Table 2](#tbl_002){ref-type="table"}) and necropsy. The serum ferritin, transferrin and iron saturation levels were not measured. Although no abnormality was noted at necropsy, the liver preserved in 10% neutral buffered formalin solution did show a change in color. The caudal process of the caudal lobe and parts of the area of the left lateral lobe and right medial lobe were reddish brown ([Fig. 1](#fig_001){ref-type="fig"}). There was a tendency for areas showing abnormal color to be close to the porta hepatis.

![a. Irregular bodies filled with electron-opaque aggregates are apparent in hepatocytes. b. Very fine particles (ferritin) are distributed diffusely, without any enveloping membrane in the cytosol, as well as in single membrane-limited bodies.](tox-22-199-g004){#fig_004}

Microscopically, no abnormalities were recognized in any organs except for the liver in this animal. The spleen also demonstrated no variation from normal. Very fine yellowish-brown pigments were found in the hepatocytes with an uneven distribution among the lobes, corresponding to the gross lesion ([Figs. 2](#fig_002){ref-type="fig"}, [3](#fig_003){ref-type="fig"}). The pigmentation was strongest around periportal areas. The staining intensity was weaker in midzonal areas, and very weak to absent in centrilobular hepatocytes. Thus, there was a clear diminishing periportal-to-centrilobular gradient. Regarding the distribution of the pigments in the cell, those were aggregating close to bile canaliculi. Berlin Blue staining revealed conclusive evidence that the pigments were hemosiderin. No degeneration or necrotic changes were observed. Kupffer cells did not exhibit appreciable accumulation of iron.

Transmission electron microscopy revealed cytosolic ferritin and pericanalicular lysosomes, or siderosomes, in periportal hepatocytes ([Fig. 4](#fig_004){ref-type="fig"}). Many single membrane limited bodies filled with electron opaque aggregates were observed. They varied in density and had irregular-shaped deposits, sometimes including fine particles, and corresponded to pigmented granules on light microscopy. Furthermore, very fine particles were also observed diffusely, not enveloped by any membrane in the cytosol. These particles were considered to be ferittin based on morphological criteria including a size of around 5--7 nm^2^. Other organelles and the bile canaliculi were normal.

According to a previous report on spontaneous iron overload in SD rats[@r3], onset involves only hepatocyte pigmentation, the degree of iron overload increases with age and there is no relation to spleen hemosiderin deposition. The authors described iron accumulation as beginning in the pericanalicular siderosomes of periportal hepatocytes and extending the progressively to the entire lobule and non-hepatocytic cells, like Kupffer cells in the sinusoids and other macrophages around the bile ducts in portal tracts. In addition, no significant inflammatory cell infiltration, degeneration, necrosis or fibrosis were noted.

In humans, primary or genetic hemochromatosis is an inherited disease characterized by excessive absorption of iron from a diet with normal iron content and progressive iron loading of parenchymal tissues such as the liver. The changes in humans are irreversible, and liver cell iron overload leads to cirrhosis and eventual hepatocellular carcinomas in some cases. However, in the early stages, only iron accumulation in hepatocytes is apparent, with a pericanalicular polarization, along with a diminishing periportal-to-centrilobular gradient[@r2], almost the same as our female rat.

In experimental animals, there have been other reports of iron overload in the liver[@r4]. However, almost all examples of experimentally induced hemochromatosis differed from our case because early iron deposition occurs primarily in non-hepatocytic cells and may involve other organs[@r4]. Only with dietary iron overload, in the very early stages, iron accumulation begin in hepatocytes predominantly[@r5].

The origin of the spontaneous iron overload observed in our animal is not clear but might be related to an increase of duodenal iron absorption or an imbalance between iron absorption and excretion capacity at the level of the cell. Although the liver iron concentration, blood iron concentration, transferrin and ferritin were not examined, there is a similarity with human hereditary hemochromatosis.

The pathogenesis of different iron overloading in hepatocytes between and within lobes, is also unclear, but strongly suggests that the iron deposition is attributable to altered metabolism rather than an underlying genetic defect. IL-1beta, IL-6 and TNF-alfa stimulate transferrin-bound iron uptake by parenchymal cells of the liver[@r8], and heterogenic iron deposition cases have been reported in chronic hepatitis or cirrhosis patients. An absence of iron accumulation in preneoplastic and neoplastic lesions has been described in the rat liver with chemical induced hemosiderosis[@r6]. In some human biopsy specimens from patients with chronic viral hepatitis, unusual foci of irregular hepatocellular iron storage have been described[@r9]. Furthermore, interpretation of hepatic iron content in small biopsy samples is particularly difficult, such as in case of thalassemia patients with an uneven hepatic iron distribution[@r10].

In conclusion, the histological features of the present case of uncertain pathogenesis, point to similarities in the typical hemochromatosis in humans.
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